Background
==========

According to the World Health Organisation (WHO) obesity is one of the greatest public health challenges in the 21st century. Obesity causes 2-8% of health costs and 10-13% of deaths in Europe \[[@B1]\]. Not only is obesity a well-known risk factor for diabetes, cardiovascular disease and cancer, but it is also increasingly being recognised as contributing to the development of chronic kidney disease (CKD). According to a Swedish study, 16% of chronic renal failure cases in men and 11% in women can be attributed to obesity \[[@B2]\]. A recent study of over a million individuals showed that overweight and obesity in adolescence increased the risk for end-stage renal failure three- and sevenfold 25 years later \[[@B3]\].

The metabolic syndrome (MetS) is a cluster of different metabolic risk factors, such as obesity, hypertension, insulin resistance/hyperglycaemia and dyslipidaemia \[[@B4]\]. Obesity is linked to the metabolic syndrome, which is clearly associated with CKD \[[@B5]\]. Beyond the metabolic factors (elevated fasting glucose, hypertriglyceridemia and low high-density lipoprotein (HDL) cholesterol) and hypertension included in the definition of the metabolic syndrome, serum levels of the enzyme gamma glutamyltransferase (GGT) have been described as a risk factor for CKD \[[@B6]\]. There is recent evidence that non-alcoholic fatty liver disease is associated with increased risk of CKD \[[@B7]\]. However, very little is known about the patterns of metabolic factors associated with glomerular filtration rate (GFR) and albuminuria over time.

The aim of the present retrospective study was to assess the long-term associations between body mass index (BMI), blood pressure, blood glucose, total cholesterol and GGT levels, on the one hand, and estimated glomerular filtration rate (eGFR) and albuminuria in high-risk patients, on the other hand. To do this, we linked results from a recent cross-sectional study in patients at risk for kidney disease with data that had been collected at general health examinations of the same patients during the Vorarlberg Health Monitoring and Prevention Programme up to 25 years ago.

Methods
=======

Cross-sectional study
---------------------

Between June 2010 and August 2011 patients at high risk for kidney disease aged between 40 and 70 years were offered kidney disease screening at a general practitioner's office in Vorarlberg by the Agency for Preventive and Social Medicine as part of the RENal diseases in VORarlberg (RENVOR) study. High risk was defined as the presence of one or more of the following disease conditions: existing diagnosis of diabetes mellitus type 2 according to the WHO definition, blood pressure above 140/90 mm Hg or being on antihypertensive medication, or established diagnosis of atherosclerotic cardiovascular disease (CVD). Data on current smoking status, onset of diabetes mellitus, hypertension or cardio-vascular disease, comorbidity and medication were collected by questionnaires, which had been filled in by the treating physicians. In addition, height, weight, waist and hip circumference were measured, and blood as well as urine samples were collected. Fasting plasma glucose, total cholesterol, triglycerides, LDL cholesterol, HDL cholesterol, GGT and C-reactive protein (CRP) were measured with standard methods. Creatinine was determined by the Jaffe reaction calibrated to IDMS standard. For calculation of the eGFR the CKD-EPI formula was applied. The urinary ACR was determined in a spontaneous morning urine sample.

The study was performed in accordance with the Declaration of Helsinki. All participants gave full informed consent.

Longitudinal study
------------------

The RENVOR dataset was merged with data from previous health examinations held by the Vorarlberg Health Monitoring and Prevention Programme (VHM&PP). VHM&PP has been described in detail previously \[[@B8]\]. In brief, the VHM&PP was set up in 1970 as a population-based surveillance/screening programme for the prevention of chronic diseases such as cardiovascular disease and cancer. The program included a thorough clinical examination of the participants. Furthermore, height and weight were measured with the participants wearing light indoor clothes and no shoes. Systolic and diastolic blood pressure was measured in a seated position. Information on smoking status was recorded, categorizing the participants in "ever smokers" or "never smokers". A blood sample for determination of fasting glucose, total cholesterol, triglycerides and GGT levels was taken. At each examination informed consent to store and process the data was obtained from all participants. Until now the program has collected information on cardiovascular risk factors in more than two-thirds of the population of Vorarlberg, the western-most state of Austria with approximately 370.000 inhabitants. This study was approved by the Ethics Committee of the State of Vorarlberg.

For a subset of the RENVOR patients data from regular previous health examinations (VHM&PP) were available. Only participants, who had attended at least one health examination in each time period (5--10 years, 10--20 years, \>20 years) prior to the cross-sectional RENVOR study, were selected for further investigation. If more than one examination per time period was available, the examination closest to the time point 7.5 years, 15 years and 25 years was chosen. This procedure revealed 77 individuals with four measurements each (231 previous, 77 current) over a period of 25 years (Figure [1](#F1){ref-type="fig"}).

![Selection of study population.](1471-2369-14-177-1){#F1}

Statistical analysis
--------------------

Estimated GFR and the urinary ACR served as outcome parameters for linear regression models. We transformed ACR using the natural logarithm as ACR was severely skewed. Models with both dependent and independent variables log transformed are interpreted as percent change in ACR, while the independent variable (e.g. log GGT) changes by one percent. Models were stratified by sex and adjusted for age. Models were additionally adjusted for smoking status (data not shown). We repeated the analyses including also individuals who had measurements in any but not in each of the time intervals.

We calculated a sum score of pathologically elevated risk factors from longitudinal VHM&PP health examination data containing BMI, systolic blood pressure, plasma glucose, total cholesterol, triglycerides and GGT using the following cut-off points: \>30 kg/m^2^, \>140 mmHg, \>5.6 mmol/l, \>5.2 mmol/l, \>2.0 mmol/l, and \>18 U/l in women, \>28 U/l in men for GGT, respectively. The sum score was calculated for each time period prior to commencement of the cross-sectional RENVOR study. An overall score was calculated as the mean of the sum scores for each time period.

Associations between the sum score and ACR, eGFR were modelled as in preceding analyses using linear regression adjusted for age and stratified by sex. Sex differences were investigated via inclusion of an interaction term of sex and the sum score.

All calculations were performed with the statistical software package SAS, release 9.2 (SAS Institute, Cary, NC; USA).

Results
=======

Characteristics of the study population
---------------------------------------

A total of 241 patients with an established diagnosis of diabetes mellitus, hypertension or cardiovascular disease (CVD) were recruited by physicians in the RENal diseases in VORarlberg (RENVOR) study. Due to missing questionnaire data eight patients were excluded, leaving 233 (115 women and 118 men) for the present analysis. The baseline characteristics of all RENVOR participants are shown in Table [1](#T1){ref-type="table"}. Mean age at recruitment was 60.4 years. Of the participants 80.2% suffered from hypertension, 36.5% from diabetes and 16.7% from CVD. The prevalence of an eGFR \< 90 ml/min/1.73 m^2^ was 33% and of an eGFR \< 60 ml/min/1.73 m^2^ 5.6%. An ACR \>30 mg/g was detected in 17% of the patients and an ACR \>300 mg/g was observed in eight (3.4%) of the patients. In the RENVOR study only 3 persons met the criteria (eGFR \< 60 ml/min/1.73 m^2^ and ACR \> 30) for CKD.

###### 

Characteristics of RENVOR study population

                                                                                             **RENVOR study population (n = 233)**^**1**^   **Subset with regular previous health examinations (n = 77)**                                          
  ----------------------------------------------------------------------------------------- ---------------------------------------------- --------------------------------------------------------------- ------------------- ------------------- -------------------
  N (%)                                                                                                      115 (49.4%)                                             118 (50.6%)                               35 (45.5%)          42 (54.5%)      
  Age (years), median (Q1, Q2)                                                                            60.6 (54.5, 66.9)                                       60.3 (52.2, 64.9)                         60.7 (51.5, 67.0)   62.8 (57.9, 66.4)  
  Smoking status                                                                                             Ever smoker                                             38 (33.0%)                                68 (57.6%)          13 (37.1%)          27 (64.3%)
  Disease status                                                                                          Diabetes Mellitus                                          38 (33.0%)                                47 (39.8%)           7 (20.0%)          13 (31.0%)
  Hypertension                                                                                                96 (83.5%)                                             91 (77.1%)                                27 (77.1%)          29 (69.1%)      
  Cardiovascular disease                                                                                      12 (10.4%)                                             27 (22.9%)                                 1 (2.9%)           11 (26.2%)      
  Time since first diagnosis of underlying disease^2^ (years), (N = 190), median (Q1, Q3)                  8.0 (2.0, 14.0)                                         6.0 (2.0, 12.0)                           7.5 (2.5, 15.0)     6.0 (3.0, 13.0)   
  **Laboratory parameters \[median (Q1, Q3)\]**                                                                                                                                                                                                    
  WHR                                                                                                                                                             0.87 (0.84, 0.92)                         0.97 (0.92, 1.02)   0.86 (0.83, 0.92)   0.96 (0.90, 1.02)
  BMI (kg/m^2^)                                                                                                                                                   27.5 (24.5, 31.6)                         29.4 (26.1, 32.9)   25.5 (23.5, 28.6)   27.0 (25.4, 31.8)
  Total cholesterol (mmol/l)                                                                                                                                      5.24 (4.73, 6.09)                         5.00 (4.19, 5.75)   5.32 (4.73, 6.36)   5.02 (4.22, 5.74)
  LDL cholesterol (mmol/l)                                                                                                                                        2.46 (1.97, 2.97)                         2.30 (1.78, 2.90)   2.35 (1.91, 3.00)   2.34 (1.86, 2.87)
  HDL cholesterol (mmol/l)                                                                                                                                        1.32 (1.16, 1.58)                         1.16 (0.96, 1.37)   1.45 (1.19, 1.63)   1.20 (0.98, 1.42)
  Triglycerides (mmol/l)                                                                                                                                          1.48 (1.00, 1.90)                         1.55 (1.12, 2.30)   1.42 (0.95, 2.04)   1.54 (1.10, 2.10)
  Gamma-GT (units/l)                                                                                                                                              19.0 (13.0, 32.5)                         36.0 (24.0, 57.0)   19.0 (13.0, 63.0)   32.0 (24.0, 62.0)
  CRP (mg/dl)                                                                                                                                                      0.3 (0.1, 0.6)                            0.2 (0.1, 0.3)      0.2 (0.1, 0.6)      0.1 (0.1, 0.3)
  eGFR (ml/min/1.73 m^2^)                                                                                                                                           95 (85, 102)                              95 (87, 102)        95 (85, 100)        94 (88, 101)
  \<90 ml/min/1.73 m^2^                                                                                         N (%)                                                42 (36.5%)                                35 (29.7%)          12 (34.3%)          11 (26.2%)
  \<60 ml/min/1.73 m^2^                                                                                         N (%)                                                 9 (7.8%)                                  3 (2.5%)            2 (5.7%)            1 (2.4%)
  Albumin/creatinine ratio (mg/g)                                                                                                                                 7.91 (4.64, 16.0)                         6.29 (3.53, 19.2)   6.92 (4.64, 13.3)   7.10 (3.52, 16.0)
  \>30 mg/g                                                                                                     N (%)                                                17 (14.9%)                                23 (19.5%)           2 (5.9%)            6 (14.3%)
  GFR \< 60 ml/min/1.73 m^2^ or ACR \> 30 mg/g                                                                  N (%)                                                24 (21.1%)                                24 (20.3%)           3 (8.8%)            7 (16.7%)

^1^ Questionnaire missing for 8 participants.

^2^ onset of diabetes mellitus, hypertension or cardio-vascular disease.

Abbreviations: *BMI* body mass index, *WHR* waist -to-hip ratio, *CRP* C-reactive protein, *eGFR* estimated glomerular filtration rate.

For 77 participants (35 women with mean age 60.0 (SD 7.8) years and 42 men with mean age 60.9 (SD 7.0) years) in the RENVOR study a complete dataset of previous VHM&PP examinations in the pre-specified time periods (233 investigations in total) was available. These 77 patients comprised the study population for the 25-year retrospective observational study.

Cross-sectional study
---------------------

In general, anthropometric and metabolic parameters were seen to have only weak associations with eGFR and ACR in the cross-sectional setting. The results of linear regression analyses are presented in detail in Table [2](#T2){ref-type="table"}. In women, a significantly inverse association between waist-to-hip ratio (WHR) and eGFR was observed, while in men BMI and CRP levels were seen to be inversely related to eGFR.

###### 

**Cross-sectional associations between anthropometric/ blood parameters and eGFR and ACR**^**1**^**by sex**

                                          **eGFR**                   **ACR**
  ------------------------------- ------------------------- --------------------------
                                      **Beta (95% CI)**      **Beta (95% CI)**^**1**^
                                          **Women**         
  Total N                                    115                       114
  WHR\*10                          \* -3.89 (−7.37, −0.41)     −0.01 (−0.31, 0.29)
  BMI \[kg/m^2^\]                    0.19 (−0.22, 0.60)        −0.00 (−0.04, 0.03)
  Total cholesterol \[mmol/l\]       −1.46 (−3.87, 0.95)     \* -0.23 (−0.43, −0.03)
  LDL cholesterol \[mmol/l\]         −0.70 (−4.09, 2.68)     \* -0.31 (−0.59, −0.03)
  HDL cholesterol \[mmol/l\]        −5.17 (−12.45, 2.11)       −0.51 (−1.13, 0.10)
  Log(Triglycerides) \[mmol/l\]      2.92 (−2.95, 8.80)        \* 0.60 (0.12, 1.08)
  Log(Gamma-GT) \[units/l\]          −2.14 (−5.24, 0.96)        0.13 (−0.14, 0.41)
  Log(CRP) \[mg/dl\]                 −0.70 (−3.51, 2.10)       −0.15 (−0.39, 0.08)
                                           **Men**          
  Total N                                    118                       118
  WHR\*10                            −0.56 (−3.93, 2.81)        0.27 (−0.14, 0.68)
  BMI \[kg/m^2^\]                  \* -0.69 (−1.30, −0.08)     \* 0.06 (0.00, 0.13)
  Total cholesterol \[mmol/l\]       0.85 (−1.35, 3.04)        −0.11 (−0.38, 0.16)
  LDL cholesterol \[mmol/l\]         1.10 (−2.02, 4.21)        −0.29 (−0.67, 0.09)
  HDL cholesterol \[mmol/l\]         5.42 (−2.57, 13.42)       −0.31 (−1.31, 0.69)
  Log(Triglycerides) \[mmol/l\]      −2.92 (−7.31, 1.47)        0.23 (−0.32, 0.77)
  Log(Gamma-GT) \[units/l\]          −0.96 (−4.21, 2.28)        0.07 (−0.34, 0.47)
  Log(CRP) \[mg/dl\]               \* -2.69 (−5.31, -0.07)      0.20 (−0.12, 0.53)

Models are adjusted for age.

\* Significant on alpha \< = 0.05.

^1^ ACR log-transformed; one percent change (in the independent variable) would yield a percentage change in ACR in models where the independent variable is log-transformed.

Total cholesterol and LDL cholesterol levels were significantly negatively associated with urinary ACR in the linear regression models in women.

Longitudinal study
------------------

The results of the longitudinal study are depicted in Table [3](#T3){ref-type="table"} (eGFR) and Table [4](#T4){ref-type="table"} (ACR). In men a consistent and significant negative association was found between BMI over all the time periods and current eGFR (Figure [2](#F2){ref-type="fig"}b). In addition, blood glucose levels measured \>20 years before were negatively associated with eGFR.

###### 

Longitudinal associations between anthropometric/ blood parameters and eGFR by sex

                                           **Previous parameters (over 20 years ago)**   **Previous parameters (10 to 20 years ago)**   **Previous parameters (5 to 10 years ago)**   **Current parameters (RENVOR)**
  -------------------------------------- --------------------------------------------- ---------------------------------------------- --------------------------------------------- ---------------------------------
                                                                     **Beta (95% CI)**                                                                                              
                                                                             **Women**                                                                                              
  N                                                                                 35                                             35                                            35                                35
  Follow-up \[years\], median (Q1, Q3)                               24.7 (23.5, 25.2)                              15.0 (14.1, 15.4)                                7.5 (7.1, 7.9)                                \-
  BMI \[kg/m^2^\]                                                   0.47 (−0.75, 1.69)                             0.02 (−0.82, 0.87)                           −0.03 (−0.78, 0.72)                0.35 (−0.42, 1.11)
  Systolic blood pressure \[mmHg\]                                  0.21 (−0.04, 0.47)                           \* 0.22 (0.03, 0.42)                            0.14 (−0.10, 0.37)                                \-
  Log(Glucose) \[mmol/l\]                                        −2.99 (−19.89, 13.91)                          −4.30 (−30.30, 21.69)                         10.43 (−13.69, 34.56)                                \-
  Total cholesterol \[mmol/l\]                                      1.04 (−5.91, 8.00)                             1.07 (−4.83, 6.96)                           −2.31 (−8.43, 3.80)               −2.71 (−8.03, 2.61)
  Log(Triglycerides) \[mmol/l\]                                   2.90 (−16.61, 22.41)                           −2.17 (−11.50, 7.17)                           2.50 (−8.43, 13.43)              −0.91 (−11.82, 9.99)
  Log(Gamma-GT) \[units/l\]                                        4.00 (−6.60, 14.59)                           −4.37 (−12.79, 4.05)                           −2.85 (−9.51, 3.81)           \* -4.41 (−8.81, −0.00)
                                                                               **Men**                                                                                              
  N                                                                                 42                                             42                                            42                                42
  Follow-up \[years\], median (Q1, Q3)                               24.3 (21.9, 25.3)                              14.9 (14.1, 15.9)                                7.4 (6.9, 8.1)                                \-
  BMI \[kg/m^2^\]                                              \* -0.99 (−1.75, −0.24)                        \* -0.78 (−1.39, −0.17)                       \* -1.05 (−1.62, −0.48)           \* -0.79 (−1.40, −0.19)
  Systolic blood pressure \[mmHg\]                                  0.05 (−0.11, 0.21)                            −0.14 (−0.30, 0.02)                            0.02 (−0.13, 0.16)                                \-
  Log(Glucose) \[mmol/l\]                                     \* -9.70 (−17.41, −1.99)                           −2.63 (−10.27, 5.01)                          −5.33 (−16.18, 5.52)                                \-
  Total cholesterol \[mmol/l\]                                     −2.04 (−4.20, 0.11)                            −1.28 (−3.76, 1.20)                           −1.81 (−4.45, 0.82)               −0.76 (−3.32, 1.81)
  Log(Triglycerides) \[mmol/l\]                                    −4.29 (−9.51, 0.93)                            −0.81 (−5.30, 3.68)                           −4.02 (−8.83, 0.80)               −3.48 (−9.39, 2.43)
  Log(Gamma-GT) \[units/l\]                                        −2.13 (−6.24, 1.97)                            −0.78 (−5.62, 4.05)                           −1.07 (−5.12, 2.98)                0.67 (−3.13, 4.47)

Models are adjusted for age.

\* Significant on alpha \< = 0.05.

###### 

**Longitudinal associations between anthropometric/ blood parameters and ACR**^**1**^**by sex**

                                           **Previous parameters (over 20 years ago)**   **Previous parameters (10 to 20 years ago)**   **Previous parameters (5 to 10 years ago)**   **Current parameters (RENVOR)**
  -------------------------------------- --------------------------------------------- ---------------------------------------------- --------------------------------------------- ---------------------------------
                                                                     **Beta (95% CI)**                                                                                              
                                                                             **Women**                                                                                              
  N                                                                                 34                                             34                                            34                                34
  Follow-up \[years\], median (Q1, Q3)                               24.7 (24.0, 25.2)                              14.9 (14.1, 15.3)                                7.5 (7.1, 7.9)                                \-
  BMI \[kg/m^2^\]                                                   0.03 (−0.03, 0.09)                             0.02 (−0.02, 0.06)                            0.00 (−0.03, 0.04)                0.00 (−0.04, 0.04)
  Systolic blood pressure \[mmHg\]                                 −0.00 (−0.02, 0.01)                             0.00 (−0.01, 0.01)                           −0.00 (−0.01, 0.01)                                \-
  Log(Glucose) \[mmol/l\]                                         \* 0.91 (0.09, 1.73)                             0.13 (−1.18, 1.44)                            0.53 (−0.71, 1.77)                                \-
  Total cholesterol \[mmol/l\]                                     −0.09 (−0.46, 0.27)                            −0.05 (−0.35, 0.24)                       \* -0.39 (−0.67, −0.11)           \* -0.28 (−0.54, −0.02)
  Log(Triglicerides) \[mmol/l\]                                    −0.27 (−1.27, 0.74)                             0.06 (−0.42, 0.54)                           −0.17 (−0.72, 0.38)                0.20 (−0.35, 0.75)
  Log(Gamma-GT) \[units/l\]                                         0.28 (−0.26, 0.82)                             0.07 (−0.37, 0.51)                            0.01 (−0.33, 0.35)                0.02 (−0.25, 0.29)
                                                                               **Men**                                                                                              
  N                                                                                 42                                             42                                            42                                42
  Follow-up \[years\], median (Q1, Q3)                              24.3 ( 22.8, 25.3)                              14.9 (14.1, 15.9)                                7.4 (6.9, 8.1)                                \-
  BMI \[kg/m^2^\]                                                 \* 0.14 (0.03, 0.25)                             0.08 (−0.02, 0.18)                            0.09 (−0.00, 0.19)                0.06 (−0.04, 0.16)
  Systolic blood pressure \[mmHg\]                                 −0.01 (−0.03, 0.01)                             0.01 (−0.01, 0.04)                          \* 0.03 (0.01, 0.05)                                \-
  Log(Glucose) \[mmol/l\]                                           0.23 (−0.83, 1.29)                           \* 2.27 (1.38, 3.16)                          \* 2.19 (0.71, 3.68)                                \-
  Total cholesterol \[mmol/l\]                                      0.05 (−0.28, 0.38)                            −0.01 (−0.38, 0.37)                           −0.33 (−0.72, 0.06)               −0.03 (−0.43, 0.36)
  Log(Triglicerides) \[mmol/l\]                                   \* 0.98 (0.26, 1.70)                           \* 0.95 (0.34, 1.55)                          \* 0.91 (0.22, 1.59)                0.67 (−0.23, 1.57)
  Log(Gamma-GT) \[units/l\]                                       \* 0.79 (0.24, 1.34)                           \* 0.72 (0.03, 1.41)                          \* 0.65 (0.07, 1.22)                0.43 (−0.13, 1.00)

Models are adjusted for age.

\* Significant on alpha \<0.05.

^1^ ACR log-transformed; one percent change (in the independent variable) would yield a percentage change in ACR in models where the independent variable is log-transformed.

![**Predicted mean ACR (mg/g) after 25 years of follow-up (baseline age 45 years) with 95% confidence bands by selected metabolic parameters.** Women presented on the left **(a, c, e)**, men on the right **(b, d, f)**.](1471-2369-14-177-2){#F2}

In women blood glucose measured at the time point over 20 years ago was positively associated with ACR. Blood glucose levels at later time points were also associated with ACR, however without statistical significance. In men, GGT and triglycerides were the most consistent predictor of increased ACR, with statistically significant associations in all previous observation periods (Figures [2](#F2){ref-type="fig"}c, 2e), whereas only the measurement made 20 years previously showed a significant association between BMI and current ACR. Serum glucose concentrations measured in the observation periods between 5 and 20 years were also strongly positively associated with current urinary ACR. In men systolic blood pressure measured 5--10 years before showed a positive association with current ACR. Sensitivity analyses including also individuals who had measurements in any but not in each of the time intervals revealed comparable patterns (data not shown).

An increasing number of abnormal metabolic factors was related to a decreasing eGFR and an increase of ACR (Table [5](#T5){ref-type="table"}). Estimated GFR showed a stronger inverse association with the number of pathological metabolic factors in men than in women and was strongest for men in the most recent observation period (per one pathological factor: -2.81 95% CI −4.59;-1.03). The interaction with gender reached statistical significance (p-value 0.020). ACR also showed the strongest association in the most recent observation period in men (0.37 95% CI 0.08;0.65) and was statistically significantly different in women (p-value 0.041).

###### 

**Association of sum score of pathologic values for BMI, systolic blood pressure, glucose, cholesterol, triglycerides and GGT with eGFR and ACR**^1^

                                                                                          **\>20 years ago**   **10 to 20 years ago**   **5 to 10 years ago**            **overall**
  -------------------------- ------------------------------------------------------------------------------- ------------------------ ----------------------- ----------------------
                                                         **Sum score of pathologic values, median (Q1, Q3)**                                                  
  Women                                                                                             1 (1, 2)                 2 (1, 3)                2 (1, 3)      2.00 (1.33, 2.33)
  Men                                                                                             2.5 (1, 3)                 2 (1, 3)                2 (1, 3)      2.33 (1.33, 3.33)
                                              **Change in eGFR (95%CI) for one additional pathologic value**                                                  
  Women                                                                                   3.01 (−1.28, 7.28)       0.83 (−3.84, 5.49)      1.44 (−2.39, 5.26)     2.75 (−2.51, 8.00)
  Men                                                                                   −1.99 (−3.66, −0.31)      −1.27 (−3.17, 0.64)    −2.81 (−4.59, −1.03)   −2.62 (−4.62, −0.61)
  Sex interaction, p-value                                                                             0.009                    0.241                   0.020                  0.016
                               **Change in log(ACR) (95%CI)**^**1**^**)for one additional pathologic value**                                                  
  Women                                                                                   0.11 (−0.11, 0.33)       0.11 (−0.13, 0.34)      0.01 (−0.19, 0.20)     0.10 (−0.16, 0.37)
  Men                                                                                      0.29 (0.03, 0.55)        0.36 (0.09, 0.64)       0.37 (0.08, 0.65)      0.44 (0.14, 0.74)
  Sex interaction, p-value                                                                             0.316                    0.161                   0.041                  0.101

Models are adjusted for age.

^1^ ACR log-transformed; one additional pathological variable would yield a (100\*β) percentage change in ACR.

Discussion
==========

Chronic kidney disease is increasingly recognized as a public health problem affecting more than 10% of individuals in population-based studies \[[@B9]\]. To bring the CKD epidemic under control it is highly desirable to early identify modifiable risk factors that can predict future CKD. However, the development of risk models for incident CKD is still in its infancy \[[@B10]\]. Therefore, long-term observational studies aimed at identifying anthropometric, metabolic or genetic risk factors that allow a more precise prediction of incident CKD are urgently awaited. Our study differs in some aspects from previous studies in this area \[[@B2],[@B11]-[@B19]\]. We exclusively focused on patients at high risk for CKD. We performed a retrospective analysis by linking current data and data obtained at previous health examinations at regular time intervals dating back 25 years. According to the recent KDIGO definition of CKD, both eGFR and albuminuria should be reported to classify the CKD stage \[[@B20]\]. At an eGFR above 60 ml/min/1.73 m^2^ another renal abnormality, in most instances albuminuria, has to be present for the diagnosis of CKD. In our study the prevalence of kidney disease by means of combination of eGFR \<60 ml/min/1.73 m^2^ and ACR \>30 mg/g is low. Therefore we did not set these cut-offs for eGFR or ACR for our analysis, but instead used eGFR and ACR as continuous variables.

The most consistent finding in our long-term study was that higher BMI is associated with lower eGFR and greater ACR in men. Predicted mean eGFR after 25 years of follow-up in men decreased by 0.99 ml/min/1.73 m^2^ and ACR increased by 14% per 1 kg/m^2^ increase in BMI indicating a clinically relevant impairment of renal function. BMI was the only parameter associated with eGFR in the long-term as well as in the cross-sectional analyses. In the RENVOR study the median (Q1, Q3) BMI in men was 29.4 (26.1, 32.9) kg/m^2^ which is consistent with a high risk population. However, in the previous health examinations 20 years ago the median BMI in men was much lower (men 25.7 (23.3, 28.7) kg/m2). Over 25 years BMI increased on average 3.97 kg/m^2^ in men and 2.39 kg/m^2^ in women. The patient subset with previous examinations had slightly lower median current BMI than the RENVOR sample. However, the median WHR did not differ substantially.

An association between high BMI and obesity and CKD has been reported in several previous population-based studies with rather long follow-up \[[@B2],[@B12],[@B15],[@B17],[@B18]\]. In those studies CKD was defined as eGFR ≤60 ml/min/1.73 m^2^ or dipstick-positive proteinuria. Our study suggests that the associations between BMI and eGFR or albuminuria are present even in near normal ranges of these markers of renal function. A very recent study found a doubling of the risk for CKD defined as eGFR \<60 ml/min/1.73 m^2^ and a 70% increase in the risk for albuminuria in individuals over 60 years of age who were overweight in adolescence or early adulthood \[[@B21]\]. A recent development of overweight was not associated with renal disease. This study, however, did not report on possible differences between men and women.

Whether obesity is linked to CKD by its consequences such as diabetes or hypertension, or whether other pathways directly lead to CKD in obese individuals is controversial \[[@B2],[@B18]\]. Other authors have suggested that increased WHR may be a better marker than BMI for subsequent kidney disease, because WHR reflects central obesity \[[@B19]\]. The association between WHR and BMI and their link to cardiovascular disease are modified by sex. Men with a high BMI usually have central obesity and a high WHR, and therefore WHR is not a better marker for cardiovascular risk in men. In women, however, WHR seems to be a better marker for CVD risk as compared to BMI \[[@B22]\]. Whether the same phenomenon also holds true for renal risk prediction is unknown to date. If true, this could explain our finding of an association between BMI and low eGFR and increased albuminuria in men, but not in women. The statistically non-significant protective association between BMI and eGFR in our study may also be related to sex-specific body fat distribution. Unfortunately, WHR was not determined at previous VHM&PP investigations, and therefore we are unable to determine whether WHR would have predicted CKD in women or not.

Central obesity is included in the definition of the metabolic syndrome, which in addition is defined by the presence of hypertension, impaired glucose tolerance, high triglycerides and low HDL cholesterol. There is no single accepted definition of MetS and also some controversy regarding its existence \[[@B23]\]. Nevertheless all existing definitions include indicators of insulin resistance, lipid abnormalities, blood pressure and obesity \[[@B24],[@B25]\]. An association between the metabolic syndrome and CKD has been described in a number of studies \[[@B5],[@B13],[@B16],[@B26],[@B27]\]. This association increases with the number of given components of the metabolic syndrome \[[@B5]\]. Consistently, we found in our study a decrease in eGFR of 1.99 ml/min/1.73 m^2^ for each additional pathological metabolic factor present 20 years before (BMI, blood pressure, glucose, triglycerides, total cholesterol). Of note, we found that high fasting glucose and triglycerides were predictive of higher albumin excretion in men and women in our long-term study. A relationship between the metabolic syndrome and albuminuria in men but not women has also been described by others, albeit without a significance for fasting glucose, lipids or BMI \[[@B16]\]. The follow-up of that study, however, was only six years and therefore considerably shorter than our investigation.

One finding of special interest in our study is the consistent association between GGT levels and albuminuria in men. Elevated serum GGT has been shown to be predictive of CVD events, diabetes, hypertension, the metabolic syndrome, cancer and mortality \[[@B6],[@B28],[@B29]\]. Whether high GGT levels are also a marker of incident kidney disease is less clear. Two cross-sectional studies using National Health and Nutrition Examination Survey data came to different conclusions. Whereas one study found a strong association between GGT and CKD \[[@B30]\], the other study found no such relation \[[@B31]\]. An investigation with a 3-year follow-up described an association between GGT and the development of CKD (defined as eGFR \< 60 ml/min/1.73 m^2^) in men without hypertension or diabetes \[[@B32]\]. Another study over a 15-year period found that GGT was predictive of microalbuminuria in individuals with diabetes or hypertension \[[@B33]\]. These results together with our study would suggest that high serum GGT levels are a good predictor of albuminuria in high-risk patients, particularly in men. The mechanisms that link GGT to CVD, hypertension, diabetes and albuminuria are unclear at present. A recent study found an association between GGT levels in the upper normal range and components of the metabolic syndrome (obesity, high blood pressure, and low LDL cholesterol), even in children and adolescents \[[@B34]\]. High GGT may be a marker of non-alcoholic fatty liver disease, which is associated with the metabolic syndrome. In particular, big GGT (b-GGT), a large aggregate of proteins most likely representing exosomes released from cells, is found to be elevated in non-alcoholic fatty liver disease \[[@B35]\]. Whether this specific b-GGT fraction is also associated with other components of the metabolic syndrome is unclear at present. GGT metabolizes reduced glutathione and may be a marker of oxidative stress \[[@B36]\]. In addition, high GGT has been linked to inflammation \[[@B37]\].

Limitations of our study include the lack of data on covariates, which may have influenced risk estimates. However, additional adjustment for smoking status did not substantially change the associations. The number of subjects included in the 25-year observation is rather small and limits the statistical power of this explorative study. However, sensitivity analyses including individuals who had examinations in any of the time periods revealed virtually similar results and the associations across time are consistent. Unfortunately, eGFR and albuminuria were not determined at the prior investigations. We do not have information on medication or comorbidities, but as hypertension, diabetes or CVD were diagnosed at a median time of six to eight years before the cross-sectional investigation, almost all individuals were most likely healthy, at least when examined over 20 years ago. We did not have information on lipid sub-fractions, instead we used total cholesterol. However, we found that an increasing number of metabolic aberrations are associated inversely with eGFR and positively with ACR in men. There is also evidence that other metabolic factors such as GGT could be involved in the pathogenesis of CKD \[[@B7]\]. This marker of oxidative stress could be investigated in our study.

The major strength of this study is the very long follow-up of more than 20 years and the complete datasets for all patients at the specified time periods.

Conclusion
==========

In conclusion, our results provide further evidence that anthropometric and metabolic factors influence eGFR and urinary albumin excretion during more than 20 years of follow-up. The predictive value of these factors is modified by sex. BMI is the most consistent long-term risk factor in men. In addition, glucose, triglycerides and GGT seem to be associated with renal function especially albuminuria.
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